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viii 
Nitrification rates were determined by perfusion method in 
Southern Curlew Valley (Utah) soils from Oto 1.3 meter profiles as a 
function of seasons. Ammonification rates were determined at various 
moisture contents and seasonal variations of ammonium concentration 
in the same soils were estimated. 
Rate of nitrification was higher in warm showery periods (May 
and June) than in colder periods (September, October and November). 
In the top 3 cm layer, nitrifying activity was several fold higher 
than in the rest of the profile. Cultivation increased the nitrifica-
tion rate. 
Considerable ammonium fixation by soil particles, volatilaza-
tion of ammonia and nitrite accumulation were evident. Nitrite 
accumulated in samples as the pH of perfusate increased above 7.8. 
Accumulation of nitrate had a 8-10 days lag period, which was followed 
by a logarithmic phase. Nitrification was inhibited by added amend-
ments, especially by desert plant litter. 
Ammonium-nitrogen values in soils were between 1-105 ppm, 
with higher values in later fall (November) samples. Top 3 cm 
ix 
layers showed higher ammonium-nitrogen values than other (5-20, 40-50, 
70-80, and 110-130cm) layers. 
Ammonification rate increased with increasing in soil moisture 
in casein amended soils. Moisture content did not significantly affect 
ammonification in litter amended soils. Volatilization of ammonia 
was highest at 40% water-holding capacity (W. H. C.). Volatilization 
decreased with increase or decrease in moisture content above or below 
40% W. H. C. 
(96 pages) 
INTRODUCTION 
Of all the elements involved in the life processes, nitrogen 
often becomes the limiting element for a proliferation of an organism. 
Nitrogen is transformed in soil almost exclusively by biological 
processes. The amount of nitrogen in the soil is small while the 
quantity withdrawn annually by plants is comparatively large. It is 
of interest to study the flux rates of nitrogen including influx 
and loss of this nutrient in the soil system, especially in arid 
area soils, where only a few studies on nitrogen turnover have been 
made. 
Much attention has been directed to the microbial transforma-
tions of organic nitrogen to ammonium and nitrate. This is justified 
since a major portion of soil nitrogen is in an organic form and as 
such is generally unavailable to higher plants; whereas the inorganic 
forms that can be assimilated by plants are often in critically short 
supply. The conversion of organic to inorganic nitrogen is termed 
mineralization. The process whereby organic nitrogenous compounds are 
decomposed and nitrogen is liberated as ammonium is known as ammonifica-
tion. The further conversion of ammonium to nitrate is referred to as 
nitrification. 
In the process of ammonification, various soil organisms attack 
organic nitrogen compounds. As a result of the enzymatic activity, 
protein polymers are hydrolyzed with the end product ammonia as follows: 
l) RNH
2 
+ HOH Enzymatic Hydrolysis➔ R-OH + NH
3 
Nitrification is a 2 step biological oxidation process, in 
which two distinct groups of bacteria are involved. The process is 




3) l N02 + ~ 2 Nitrobacter> N03 + 10.8 cal. 
Nitrifying bacteria - Nitrosomonas and Nitrobacter are 
autotrophic aerobes. 
The objectives of this research are as follows: 
2 
1. To study the effect of seasons, cultivation and amendments 
on the nitrification process. Also, relationship between 
profiles and rate of nitrification was determined. 
2. To measure the NH4+-N content at various periods of year. 
3. To study the effect of various amount of moisture content 
on the process of ammonification. 
REVIEW OF LITERATURE 
The processes of nitrification and arrnnonification has been 
extensively studied and reviewed by various investigators, for 
example, Aleem (1970), Broadbent et al. (1957), Dorrnnergues (1960), 
Floate (1970), Justice and Smith (1962), Lees and Quastel (1946) 
and Quastel and Scholefield (1951). The studies on these processes 
have dealt mostly with agricultural, forest and grassland soils. 
The number of studies on nitrification and arrnnonification processes 
in desert or arid soils are practically nil. 
Factors Affecting Nitrification 
Nitrifying bacteria respond readily to the alteration in the 
soil structure, pH, temperature, moisture, aeration, supply of CO2 
and cultural practices (Alexander, 1961). 
~ 
Chief among the ecological influences is acidity (Alexander, 
3 
1961). In an acid environment, nitrification proceeds slowly even in 
the presence of an adequate supply of substrate, and the responsible 
species are rare or totally absent at acid pH. The rate of nitrifica-
tion falls off markedly below pH 6,0 and becomes negligible below 5,0, 
yet nitrate may occasionally be present in soils down to pH 4,0 and 
lower (Meiklejohn, 1953). Maximum rates for Nitrobacter are achieved 
between pH 6,2 to 7.0, whereas Nitrosomonas oxidize ammonia best at 
pH values in soil above 7.6; consequently nitrite might accumulate in 
highly alkaline soils, similar to those in western deserts. 
4 
Investigations by Broadbent et al. (1957) have shown that an 
application of higher amount of ammoniacal fertilizers may inhibit 
nitrification completely if the soil is poorly buffered. Presence of 
free ammonia exerts selective inhibition on the nitrifying bacteria, 
particularly on Nitrobacter. Free ammonia formed in greater quantity 
in alkaline soils may result in nitrite accumulation in amounts toxic 
to plants. Acute conditions may further inhibit transformation of 
ammonium to nitrite. 
Gaseous ammonia is lost in considerable quantities when 
ammonium sulphate is applied to certain alkaline soils (Jewitt, 1942). 
Chapman and Liebig (1952) found that when ammoniacal fertilizers 
are added to neutral or alkaline soils, substantial quantity of 
nitrite may accumulate. Also, nitrite accumulations persisted for 
longer period of time at low terperature than when formed at higher 
temperature. 
Nitrate is rapidly denitrified in neutral or slightly alkaline 
soils, if these soils are saturated with water and incubated with 
glucose at 25°c, but little denitrification occurs in acid soil, in 
soil at low temperature, or in soil containing only small amounts of 
readily decomposible organic matter (Bremner and Shaw, 1958). 
The threshold pH value for nitrification of ammonia in desert 
soils was established by Martin et al. (1942) to be pH 7. 7 ± 0.1 
(moist soils). Just below this value the oxidation of accumulated 
nitrite to nitrate proceeds rapidly. 
Rate of disappearance of nitrite was higher in acid soil 
compared to alkaline soil. Also, volatile losses of ammonia were 
5 
++ recorded in soil with high pH and higher exchangeable Ca and 
Na+ content (Baligar, 1971). 
Schmidt (1964), Hirsch et al. (1961) and Doxtader and Alexan-
der (1966) demonstrated that heterotrophic nitrification is carried 
out by various fungi at low pH but the rate is low as compared to 
autotrophic nitrification. 
Temperature 
Soil temperature is recognized as one of the most important 
of many environmental factors affecting the oxidation of ammonium to 
nitrate in soils. The lower the temperature, the slower is nitrifi-
cation. Effective nitrification takes place in a wide temperature 
range between 10° and 35° C, with a maximum around 25°c. However, 
it has been shown by Mahendrappa et al. (1966) that in Utah, the 
0 0 Northern region soils nitrify faster at 20 C to 25 C, whereas the 
S th i il • "f f b 35°c. ou ern reg on so s nitri y aster at temperature a ove 
Nitrification takes place at temperatures down to o0 c and even in 
winter below the frozen layers. 
According to Buckman and Brady (1969) the temperature most 
favorable for the process of nitrification is from 80° to 90°F. At 
a temperature of 125°F, nitrification practically ceases. At freezing 
or low temperatures, nitrification will not take place, but at about 
35° to 45°F it begins and slowly increases in intensity until the 
optimum temperature is reached. Schaefer (1964) has shown that 
diurnal temperature variations above and below freezing temperature 
actually stimulate nitrification. 
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Justice and Smith (1962) showed that the nitrification of 
applied ammonium occurs in some soils at considerably lower tempera-
tures than was previously thought and such soils were mostly alkaline 
in nature. Anderson and Boswell (1964) observed that at low tempera-
ture and increased amounts of added ammonium nitrogen delayed or 
completely suppressed nitrate accumulation. Soil temperature is 
directly commected with the number of nitrifying bacteria (Garbosky 
and Giambiagi, 1962). The numbers were highest when the mean tempera-
ture of warmest month was between 14° to 16°c. Extreme variation in 
temperature resulted in a decreased number of nitrifying bacteria. 
Oxygen supply 
Nitrifying bacteria being aerobes, oxygen is a limiting factor 
for their growth. It is generally accepted that large losses of 
nitrogen may occur by denitrification when soils are under anaerobic 
conditions. Relationship between redox potential-Eh and the loss of 
nitrogen by denitrification was established by Meek et al. U969). 
With decreasing Eh, loss of nitrogen was increased. An organic matter 
application, at the highest water content increased the loss of nitrogen 
by denitrification without further decrease in Eh values. 
Moisture 
The other factor governing nitrification, next to temperature, 
is moisture. In the examination of desert soils it is of interest 
to study the water availability and organism relationship. The maximum 
activity of nitrifiers takes place at 0.1 bar water tension in soils 
but at 15 bars nitrification is still easily detectable. Sabey (1969) 
showed that at 15 bars there still was a 13% nitrification rate of that 
7 
at 0.1 bar. Miller and Johnson (1964) found that N0
3 
accumulation 
in a non-calcareous soil was highest at 0.1 bar tension. Robinson 
(1957) indicated that the activity of nitrifierceases just below the 
wilting point. Dommergues (1960) observed that the minimum water 
content for nitrification is at pF 5.2 (about 90% relative humidity). 
It appears that low moisture levels inhibit Nitrobacter more than 
Nitrosomonas. However, Dubey (1968) showed that nitrification rate 
increased as the moisture content increased from 15 to 2 bars and 
decreased thereafter. Marked nitrification occured even under flooded 
conditions. 
Lipman (1916) found that humid soils were superior in nitrify-
ing power to the arid soils. High grade nitrogenous fertilizers 
nitrified relatively slowly in arid soils and repidly in humid soils. 
The situation was reversed when the low grade organic nitrogenous 
fertilizers or sulfate of ammonia were employed. 
Wetting and drying cycles had a pronounced influence on the 
mineralization of soil nitrogen (Baligar, 1971). 
Salts 
Presence of various salts decrease nitrification; it might be 
of importance in the interpretation of results in the desert soils. 
Sindhu and Cornfield (1967) observed that at 50% water holding capacity 
(W.H.C. ) 1 0.5% to 1% chloride present suppressed nitrification, whereas 
ammonification was suppressed by 1% to 2% chloride concentration. 
Sulfate is inhibitory at a considerably lower concentration. Phosphate 
considerably increases nitrifying activity especially in the presence 
of calcium. Johnson and Guenzi (1963) deconstrated that osmotic tension 
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reduced nitrate production and carbon dioxide evolution in a linear 
manner as the salt concentration of the soil increased. Sodium 
chloride was found to be the most roxic. Microbial population in the 
calcareous soil had a greater salt tolerance than the organisms in 
noncalcareous soil, both for nitrification and carbon dioxide evolution. 
Cation exchange capacity directly influences the process of 
nitrification (Smith, 1964). Nitrification rate was higher in soil 
with high cation exchange capacity due to the higher adsorbance of 
ammonium ion on soil particles. Soil with low cation exchange capacity 
showed accumulation of nitrite because of the inhibition of Nitrobacter 
by free ammonium ion. 
C/N ratio 
Soils with lower C/N ratios had the lowest nitrate producing 
power (Halvorson and Caldwell, 1948). Alexander (1961) stated that 
the ratio of C mineralized to the N mineralized decreases 
somewhat as the rate of inorganic nitrogen production increases, so 
that a microflora vigorously forming nitrate tends to release carbon 
and nitrogen in a ratio of ca. 7 to 1 while those least active exhibit 
ratios near 15 to 1. 
Soil structure 
As oxygen is an obligate requirement for nitrifiers, soil 
structure affects the accumulation of nitrate through its influence 
on aeration. Kai and Harada (1969) showed that clay minerals due to 
their cation exchange capacity influence the rate of nitrification. 
Higher the amount of clay particles, the faster the nitrification. 
According to Hagin (1955) the finely aggregated soils had lower 
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nitrification rates than the coarsely aggregated ones. The most 
favorable aggregate size appeared to be less than 0,5 mm in diameter. 
Sunlight 
Tendon and Dhar (1934) advanced the hypothesis that nitrification 
in tropical soils was a photochemical, not a biological process. How-
ever, Fraps and Sterges (1935) showed that no nitrate was formed in 
sterilized soil exposed to sunlight, and in fresh soil, nitrification was 
quicker in the dark, which confirmed the work of Warington (1878). 
Nitrification and Nitrifying Bacteria 
Nitrifying bacteria are chemolithotrophic soil bacteria. They 
are very important and have almost no competitors as far as the oxidation 
+ -of NH
4 
and NO2 is concerned (Schlegel, 1968). Ammonia and nitrite 
appear to be oxidized to nitrate almost exclusively by these autotrophic 
nitrifiers; however, other bacteria and molds may additionally partici-
pate in nitrification processes to a lesser degree (Alexander, 1961). 
Heterotrophic nitrification seems to be mainly an in vitro process of 
sufficient supply of organic energy material, but its significance in 
soil appears to be small, at least in relation to that brought about 
by the autotrophs. 
There are differences in the behavior of nitrifying organisms in 
soil and in vitro. The significant difference between their behavior in 
soil and in pure culture was first established by Stevens and Withers 
(1910) in their response to the effect of organic matter. In soil, nitri-
fication is inhibited to a lesser extent by organic matter than in silica 
gel media, also peptone is far less inhibitory in soil than in liquid 
culture. 
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The first studies on the process of nitrification by Lees and 
Quastel (1946), using the soil perfusion app~ratus confirmed it as a 
comparatively slow process accomplished entirely by microorganisms. 
Further exp~riments concluded that the rate of nitrification of a 
given quantity of ammonium sulphate was a function of the degree to 
which ammonium ions were adsorbed on, or combined in the soil base-
exchange complexes. The greater the amount of adsorption, the faster 
was the nitrification. The nitrifying bacteria grew on the surfaces 
of the soil crumbs at the sites where ammonium ions were held in base 
exchange combination and proliferate at the expense of such adsorbed 
ammonium ions. They also showed that when soil in the perfusion 
apparatus was well supplied with ammonium, a curve representing nitrate 
accumulation vs. time was sigmoidal. When nitrite was added to the 
soil, the nitrate accumulation vs. time curve was similar in shape but 
the rate of conversion of nitrite to nitrate was more rapid than the 
conversion of ammonium to nitrate. This indicated that the first step 
in nitrification, the conversion of ammonium to nitrite, is the rate 
limiting one and explained why nitrite does not normally accumulate in 
soil. 
Stojanovic and Alexander (1958) showed that the addition of 
+ ammonium in quantities of 250 µg NH
4
-N/ml perfusate or greater leads 
to a depression in the rate of nitrate formation. In this case there 
was no effect of ammonium concentration on the rate of ammonium 
+ -oxidation (NH4 ->N0 2). However, there did occur an accumulation of 
nitrite, which was proportional to the amount of ammonium sulphate 
initially added, 
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The nitrate content itself can be the indicator of the growth 
of nitrifying bacteria (Seifert, 1966). If the influence of the environ-
ment does not change, the nitrification rate is proportional to the 
initial quantity of nitrifying bacteria. According to Nelson (1931), 
the amount of cell substance formed by the nitrifiers is very small 
in relation to the amount of ammonia or nitrite oxidized. This explains 
why nitrifiers grow so slowly in culture medium. 
Morrill and Dawson (1958) observed four distinct nitrification 
patterns when soils from pH 4. 7 to 8.8 were pefused with ammonium 
sulphate. One pattern was characterized by a slow accumulation of 
nitrate in some soils with pH below 5.5. The production of nitrite 
could not be detected in these soils and nitrate accumulated slowly. 
Nitrite accumulation made different nitrification pattern in soils with 
pH values above 7.2. Nitrosomonas here grew rapidly while Nitrobacter 
passed through a lag phase which generally lasted for several days. 
Therefore, nitrite accumulation took place. In soils with pH below 
7.1, the lag in Nitrobacter proliferation was shortened, so that a 
very small amount of nitrite appeared. Nitrite was converted into 
nitrate at a very rapid rate. 
Soulides and Clark (1958) have observed from their study of 
grassland soils at pH 4. 7-4.9 that it accumulated ammonia when incubated 
unamended. Such accumulation was not apparent in samples ranging in 
pH 5. 7-7.9. When grassland samples were amended with 0.1% urea, a 
higher retention of ammonia and lesser nitrate production was observed 
because the soil became alkaline from urea hydrolysis. 
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Nitrobacter is more sensitive than Nitrosomonas to adverse 
conditions such as low and high temperature and drought (Justice and 
Smith, 1962). Under these conditions nitrite may accumulate slowly. 
The population level of presumptive Nitrosomonas and Nitro-
bacter in some English soils was estimated by Barkworth and Bateson 
(1965). In cultivated English soils the number of Nitrosomonas 
6 7 
was 10 to 10 /g and Nitrobacter in the same soil was 100 x less. 
Similar numbers have been obtained by others, for example, by Ghildyal 
(1963). Sims and Collins (1960) by silica gel plate method found the 
maximum nitrifiers to be 8000/g in Australian arid soils. By the 
silica gel method numbers higher than 10,000/g are exceptional. 
Drought, high temperature, and other variations in environmental 
conditions had a minor effect on the numbers and distribution of these 
organisms in Australian soils. 
Chase et al. (1967) estimated 20 ammonia oxidizers per gram 
of grassland soil but 2 x 10
6
/g in cultivated garden soil. Generally 
it is recognized that cultivated soils contain at least 100 x more 
nitrifiers and rich organic garden soils at least 1000 x more nitrifiers 
than equivalent grassland virgin soils. According to Alexander (1961), 
there is a seasonal variation of nitrifiers in any soil, the largest 
numbers appearing in early summer. during warm, rainy periods. The 
Nitrosomonas population is more stable throughout the year than that 
of Nitrobacter. The smaller number of nitrifiers in non-cultivated 
grassland soils probably is due to the limited amount of ammonifiable 
and, consequently, nitrifyable material. 
In a study of a New Zealand grassland soil, Robinson (1963) 
13 




--N ratio in that soil could be 
attributed to low population of nitrifying bacteria, resulting from 
direct competition by grass roots and associated heterotrophs for 
ammonium ions. Munro (1966) and Neal (1969) showed that substances 
which inhibited the nitrifying bacteria were present in root extracts 
of plants present in grasslands. The presence of these antibacterial 
substances suggested that this may be an important mechanism for 
conserving the low amount of available nitrogen present in grassland 
soils 
Armnonification 
The breakdown of preteins in the soil and the production of 
amonia which accompanies it, is the result of the activity of a 
widespread and varied microflora. According to Pochon and Tardieux 
(1968) for each soil and for each type of nitrogenous substance there 
is a relatively restricted range of species that is active in situ in 
the process of mineralization. The addition of plant or animal proteins 
to the soil does not stimulate all the proteolytic species in vitro, but 
only those most fitted to compete for the substrate in a particular 
environment. 
Almost all bacteria, fungi and actinomycetes attack some complex 
form of organic nitrogen compounds, but the rate of decomposition and the 
utilization of compounds vary with the genus and species (Alexander, 
1961). Liberation of arranonium from organic matter is an action associated 
with many physiologically dissimilar microorganisms, and nitrogen may be 
mineralized in the most extreme ecological conditions. Microo~ganisms 
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synthesize extracellular proteolytic enzymes for the decomposition 
of proteins. 
The investigation of the use of 2-chloro-6 (trichloromethyl) 
pyridine ("N - serve," Dow Chemical Co.) by Goring (1962) and Hughes 
and Welch (1970) indicated it as a nitrification inhibitor and it had 
a potential use for the study of ammonification. They found that the 
addition of 5ppm N - serve to the soil inhibited nitrification of 
ammonium sulphate for several weeks. + Higher NH
4 
recoveries were 
usually obtained with increasing amounts of N - serve. It is highly 
toxic to ammonium oxidizers (Nitrosomonas)but has a low order of 
toxicity to ammonifiers, organisms converting nitrite to nitrate, fungi 
and bacteria populations and to the seedlings of many plants. 
Robinson (1957) showed that ammonification of native nitrogen in 
the soil did not cease at a soil moisture level just below permanent 
wilting point and ammonium accumulated substantially at lower moisture 
content. The rate of ammonification was significantly decrease with 
decrease in moisture content below the permanent wilting point. At 
moisture levels between the permanent wilting point and field capacity 
the ammonification rate was high. According to Miller and Johnson (1964), 
nitrogen mineralization decreased when the moisture content increased 
from 0.15 to 0.05 bar water tension, then increased rapidly at zero 
tension. 
Birch (1960) showed that for a given drying period the amount of 
mineral-N preduced on re-moistening soil was directly related to the 
carbon content of the soils. Soil drying enhances the rate of carbon 
and nitrogen mineralization. Baligar (1971) observed that wetting and 
drying cycles had a pronounced influence on the mineralization of soil 
15 
nitrogen. Each drying cycle increased the rate of ammonification. 
Kai et al" (1969) studied the factors affecting immobilization 
and release of nitrogen in soil and concluded that immobilization of 
nitrogen in soil is taking place continuously. The wider the C/N ratio, 
the faster the immobilization rate. Immobilization process occurs at a 
low temperature (10°C) and mineralization of nitrogen increases 
considerably at higher temperatures. 
When soil was incubated with straw and nitrogenous fertilizer, 
the concentration of inorganic nitrogen decreased during the early part 
of incubation period, while the non-distillable acid soluble nitrogen 
fraction (immobilized nitrogen) increased (Stewart et al., 1963). As 
the incubation progresses, the concentration of inorganic nitrogen begins 
to increase, accompanied by a decrease in the organic fraction. 
Effects of various salts on the process of armnonification was 
studied by Sindhu and Cornfield (1967). They showed that nitrogen 
mineralization was reduced when 1 to 2% chloride salts were added to 
soil. Two percent level of sodium sulphate reduced mineralization 
conside~ably but other sulphates had little or no effect on this process. 
At some levels presence of sulphates and chlorides of all cations tested, 
except sodium, resulted in a small but significant increase in nigrogen 
mineralization. 
There exists a relationship between total soil nitrogen and 
mineral nitrogen formation (Vlassak, 1970). Ammonification rate was 
highest at the beginning of the incubation period and then declined 
rapidly. Nitrification began at the time when ammonification fell off. 
In the forest soils ammonification predominates over nitrification. 
As the total nitrogen content is increased, the rate of nitrogen 
mineralizati0n is also increased which suggests that incubation 
period can be shortened by increasing nitrogen content. 
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Floate (1970) studied the effects of moisture content on the 
mineralization of nitrogen from plant materials and sheep feces and 
showed that the mineralization of nitrogen from plant materials was 
little affected by change in moisture content in between 25 and 100% 
W.H.C. ~ whereas that of fecal materials showed a greater dependance 
upon moisture content. In this case, the rate of production of mineral 
nitrogen was much greater at 100% W.H.C. The release of gaseous 
ammonia from faecal samples at 100% W.H.C. was considerably greater 
than that from plant materials. Ekpete and Cornfield (1966) showed 
that with increasing moisture up to 50 percent W.H.C. mineral-N was 
almost entirely nitrate and with further increase of moisture to 
waterlogging conditions nitrate decreased and ammonium accumulated. 
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MATERIALS AND METHODS 
Soil and Sampling Stations 
Soil samples were collected periodically from the cold arid area, 
Curlew Valley, located in the northern part of Utah. Samples were 
taken on dates indicated at four preselected sampling stations--three 
in a non-cultivated and one in a seeded area. Station number l was at 
the IBP-Desert Biome soil survey pit number 21, station number 2 at the 
soil survey pit number 15, station number 3 at the soil survey pit 
number 22, and station number 4 was at the soil survey pit number 14. 
The samples were collected not further than 5 m from any pit. 
At each station samples were taken with an auger at the 0-3, 
5-20, 40-50, 70-80, and 110-130 cm depths. The samples were placed in 
sterile Whirl-a-pak bags, marked for identification and stored in a 
refrigerator at 3°C until being tested. Prior to use, the entire 
sample was mixed thoroughly with a mortar and pestle, returned to the 
bag, and the desired amount weighed for testing. 
Soil Characteristics 
The pH values of soils are in between 8.5 to 9.2 (1:1 suspension). 
Salt content is quite high as shown in Table l (data obtained from 
Dr. A. Southard, Department of Soil Science and Biometeorology, USU). 
In this table, the chemical and textural characteristics of soils of 
the respective sampling stations are shown. Rabbit droppings and plant 
and leaf litters of Atriplex confertifolia (shadscale) and Artemisia 
Table 1. Physical and chemical characteristics of the soils used in this investigation 
Sampling Texture Water Cont. 7. 
Depth, Sa tu- 1/3 15 Org, Caco
3 TSS 7, CEC Ex K Ex Na CaS04 P, B, cm ration bar bars C 7, i. ppm ppm 
aste 
Soil Survey Pit No. 21 (Sampling Station itl) 
0-2.5 SiL 36 25.3 8.4 1.05 11.1 .80 15.3 7. 1 10.6 0.5 16.0 9.4 
7.5-18 SiL 42 26.6 16.l .63 16. 4 ,90 17.8 6.5 7. 7 0.2 15.0 24.0 
38-56 SiL 64 44.7 14.2 .66 33.4 2,00 15. 7 2. 2 4.9 neg 2.8 4.5 
69-89 SiL 62 40.4 14,7 .46 35.5 2,00 16.9 1.5 3.3 neg 2. 1 0.6 
ll.';-122 SiL 79 60.9 14.4 .43 40.3 2.00 13. 7 1.0 0.0 neg 4.2 0.9 
Soil Survey Pit No. 15 (Sampling Station i/2) 
0-2.5 SiL 43 30.0 12.0 2.08 10.9 .07 17.8 4.1 1.1 0.5 28.0 0.8 
7.5-18 SiCl -.8 33.4 18.6 1.11 18.0 .07 21.3 3. 2 0.9 1. 3 14.0 0.5 
41-59 L 73 52.6 16.6 .73 40.4 ,65 23. 7 2.8 7. 9 neg . 9 2.0 
59-79 SiL 73 60.5 15.2 .69 45.8 .90 22.0 2.0 9.2 neg 1. 3 2.4 
120-155 SiL 52 40.2 12.0 . 32 24.5 1. 20 25.0 1. 7 6.6 neg 4.4 4.4 
Soil Survey Pit No. 22 (Sampling Station i/3) 
0-10 SiL 44 28.0 12.1 2.14 14.0 .08 16.3 5.1 1.9 0.4 41. 0 0.7 
10-15 SiCl 50 27.6 16.5 1.03 11. 9 .09 18.8 4.0 0,8 o. 7 5.2 o.o 
25.5-46 SiL 66 46.7 15,2 .64 42.6 ,70 14. l 2.5 4.2 neg 3.8 1.5 
66-89 SiL 74 56.8 14.5 . 56 40.8 .80 16. 1 1.8 5.4 neg 3. 2 3.3 
112-137 SiL 56 39.2 13. 4 .24 20. 7 1.20 16.5 1.8 4.3 neg 3. 7 4.2 
Soil Survey Pit No. 14 (Sampling Station i/4) 
0-1. 3 Cl 45 37.6 13.1 2.44 18.9 ,06 16.6 3.6 0.6 0.6 37.0 1.0 
10-18 SiL 37 28.7 14.7 1.05 9.9 .06 20.4 5.4 1.0 0.7 14.0 o. 7 
41-59 SiL 59 40.4 14.6 .66 42.1 ,65 15.2 2.6 4.5 o.o 5. 7 0.9 
59-81 L 57 37.1 14. 7 ,75 30.4 ,80 17.5 2,3 13.0 neg 2.0 3.0 
107-137 SiL 57 40.8 13.2 .36 22.1 l.00 15.4 1. 6 8.2 neg 2.9 4.4 
Notes to Table l. 
SiL--Silty loam Org. C--Organic carbon, oven dried Ex Na--Exchangeable sodium 
S1Cl--S1lty clay TSS--Total soluble salts P--Phosphorus 
L--Loam CEC--Cation exchange capacity B--Boron 
Cl--Clay Ex K--Exchangeable potassium 
I-
ex 
tridentata (sagebrush) were collected from each site, mixed well, 
air-dried and used in experiments. 
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For ammonification potential, the samples were collected from 
the area located about 10 miles south of the Utah-Idaho border and 
20 miles southwest of Snowville, Utah. Two communities of the shadscale 
vegetation zone are located contiguous to each other with the research 
area. Artiplex confertifolia and Artemisia tridentata are main vegeta-
tion in this area. Samples from 0-3 and 5-20 cm depths were collected. 
Nitrification Potential by Perfusion Method 
Nitrification potential was measured by perfusion method as 
follows: 30 g soil was treated with 60 mg VAMA (vinyl acetate-maleic 
acid copolymer) to make crumbs. Sufficient water was added to make a 
soil paste and then pressed through 2 mm diameter sieve. Crumbs were 
dried for two days at room temperature, 22 C. 
The dry crumbs were then used in perfusion apparatus as described 
by Collins and Sims (1956). Thirty grams of prepared soil were perfused 
+ with 250 ml ammonium sulfate solution containing 280 µg NH
4 
- N/ml. 
In one set of experiments trap-flasks containing 250 ml 0.05 N H2so4 
were connected to the perfusion flask to detect any ammonia volatilized. 
Every day the volume of perfusate was adjusted with distilled water. 
In one experiment the crumbs made from a mixture of 30 g soil and 4 g 
rabbit droppings or litter (ground) were used and similar perfusion 
experiment was run. 
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Chemical analysis 
Perfusate (5 ml) was taken at fourty-eight hour intervals for 
+ fifteen days and analyzed for NH
4
, N02 , and N03 
by Nessler's 
sulfanilic acid (Allen, 1957) and by 4-methylumbelliferone method 
(SkuJins, 1964). respectively. At the end of an experiment, trap-
+ flasks were analyzed for NH
4 
by Nessler's nethod, also pH values 
were measured for each perfusate. 







using different concentrations of ammonium sulfate. potassium nitrite 
and sodium nitrate, respectively. as shown in Figures 20, 21, and 
22 (appendix). 
Arnrnonification Potential 
Soil samples from the shadscale site taken at 0-3 and 5-20 cm 
depths and cultivated garden soils were dried at room temperature for 
four to five hours. These three soils were sieved and examined for 
water holding capacity by saturating the soil. Soils were moistened 
with different amount of water to obtain 25, 40, 55, and 75% water-
holding capacity. 
Fifty gram samples of moi!;t soils were placed in 250 ml 
Erlenmayer flasks. In all the flasks 5 ppm 2-chloro-6 (trichloro-
methyl) pyridine was added. Keeping one set as a control, in other 
sets either 0.25 g casein/SO g soil or 5.8 g plant and leaf litter 




trapped volatilized ammonia. These flasks were then stoppered with 
rubber stoppers and incubated at room temperature (22 C) for four weeks. 
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and N03-. NH4+ was determined by Kjeldhal distillation method as 
follows: 1 g of soil was steam-boiled with 7 ml 30% NaOH. The 
distillate was collected in a receiver flask containing 10 ml 2% boric 
acid solution containing 5 drops of Tashiro's indicator until total 
volume reached approximately 40 ml. This solution was titrated with 
0.02 N H2so4 until the grey end point was reached. Computation: 
mg NH +_N 
4 
= T value x Normality of acid x 14 
size of sample 
T value= ml H2so4 used for titration in experimental sample less ml 
H2so4 used for titration in control. 
N02 and N03 were determined by centrifuging 1 g sample with 
5 ml distilled water at 10 1000 rpm for fifteen minutes. Supernatant 
was analyzed for N02 and N03 by sulfanilic acid (Allen, 1957) and 
4-methylumelliferone method (Skujins. 1964) respectively. At the end 
+ of the experimental run, trap-tubes were analyzed for NH
4 
by Nessler's 
method Also. at the beginning and at the end of an experiment the 
organic N content of each soils and of incubated samples was determined 
with Kjeldahl method described as follows All experiments for 
ammonification were performed in duplicate and average values were 
taken. 
Determination of total-N 
Total-N was determined by digestion of soil samples with 
concentrated H2so4 followed by Kjeldahl distillation (Bremner. 1965). 






--N content for this purpose was obtained from
analysis by Mr. R. Lambron, Soils Laboratory, Agrigulture Experiment 
Station. USU. Ammonium nitrogen was determined by Kjeldahl distilla­
tion method (as described previously). 
Determination of Ammonium Nitrogen 
Native ammonium nitrogen of the soils collected at various 
periods of year was determined by KCl extraction method (Bremner, 1965). 
To compare the results for nitrification and ammonification 
potential of desert soil, a non-classified cultivated garden soil 
(0-20 cm) was collected from a garden (Hyde Park, Utah) and parallel 




Nitrification rate was determined in vitro by perfusion method 
as a function of seasons. In soils collected during the spring and 
early summer period, nitrification rate was higher than in the fall 
in all profiles as shown in Tables 2 to 8 and Figures 3, 4 and 7. 
Also. nitrification rate was considerably higher in the 0-3 cm surface 
layer and was dependant on the site of sampling (Figure 3 and 4). 
Previously cultivated sampling site #3 showed more nitrate accumulation 
than non-cultivated sampling sites 1, 2 and 4. Nitrate accumulation 
was negligible in the 5-20, 40-50 and 70-80 cm deep samples except 
samples collected in 15 June 1971. In 15 June 1971, samples of all 
depth showed considerable nitrate accumulation (Figure 7). 
Cultivated garden soil (0-20 cm layer) had a considerably higher 
nitrification rate than soils collected from Curlew Valley desert, as 
shown in Table 10 and Figures 3, 4 and 12. 
Decrease of ammonium 
About 30% (87 µg) of initial ammonium concentration was decreased 
within first five hours. After that the rate of decrease of ammonium 
concentration was relatively low and linear. Decrease of ammonium 
concentration was low in case of 0-3 cm samples as compared to 5-20, 
40-50 and 70-80 cm samples as shown in Figures 1, 2, 5, 6, 8, 9. 10 
and 11 and Table 12 
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Nitrite accumulation 
Samples collected on 17 November 1971 were tested for nitrite 
accumulation. Nitrite accumulation was evident in the soil samples 
collected from 5-20, 40-50 and 70-80 cm depth, without any further 
conversion of nitrite to nitrate. In 0-3 cm samples, after ten days, 
the nitrite began to decrease with increase in nitrate, as shown in 
Table 8 and Figure 13. 
Nitrate accumulation 
There was a lag period of 8 to 10 days for the increase of 
nitrate in desert soils as well as cultivated garden soil. After lag 
period, the increase in nitrate was logarithmic. Nitrification rate 
is shown in Table 11. 
Volatilized ammonia 
Samples from all depths showed ammonia volatilization. About 
30% (80-90 µg NH4+-N of perfusate) ammonium appeared as gaseous ammonia, 
which was trapped in trap flasks. Cultivated garden soil did not 
show any volatilized ammonia. 
pH determination of perfusate 
The pH values during perfusion experiment increased from 
initial pH 6.4 to pH 8.3 as shown in Table 9. In case of 0-3 cm 
and cultivated garden soil samples. pH increased to 7.4 - 7. 7, but 
in other soil samples (5-20, 40-50 and 70-80 cm depths) pH values were 
increased to pH 8.0 - 8.3. 
Nitrification potential in amended soils 
The nitrification rate of soil mixed with rabbit droppings or 
desert plant litter was suppressed. The behavior of decrease in 
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ammonium concentration was similar as observed in unamended soils 
(Table 13). No samples during fifteen days incubation showed 
presence of nitrate. Nitrite was detected in small amount in the top 
0-3 cm soil camples mixed with rabbit droppings. but no nitrite was 
detected in samples which were amended with litter. 
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Table 2. Nitrification, samples collected on 24 November 1969 
NH:-N and N0
3
--N in µg/g Soil 
Initial NH +_ 4 N=2333 µg/g Soil 
Initial NO -3 N = 0 
Incub. Depth 
NH:-N,Sites No;-N,Sites in Days 
1 2 3 4 1 2 3 4 
0-3 cm 
2 1286 1299 1220 1299 30.00 1. 70 3.32 20.00 
4 1245 1245 1141 1265 58,00 4.20 3.32 13. 30 
6 1162 1062 872 1120 74. 70 4.12 5.80 29.00 
8 1129 975 797 996 108.00 33.20 39.00 39.00 
10 1087 934 747 892 133.00 33.20 45. 70 58.00 
12 1062 872 610 772 133. 00 41. 50 48.00 66.40 
15 913 797 361 610 153.00 51. 50 88.00 108.00 
5-20 cm 
2 1299 1062 971 1038 0.00 0.00 0.00 6.22 
4 1245 046 1045 871 1. 66 0.00 4.15 8.30 
6 913 726 838 975 4.15 0.415 4.15 11. 60 
8 880 622 797 929 6.22 1. 66 4. 15 17.43 
10 747 535 684 597 8.30 0.415 8.30 17.43 
12 726 419 622 523 13. 70 11. 62 8.30 11.60 
15 610 340 456 465 11. 62 12.50 8.30 12.45 
40-50 cm 
2 747 913 1195 1087 0.415 4. 15 8.30 11. 62 
4 714 1046 1141 1070 11. 62 8.30 11. 62 13. 70 
6 560 809 1016 963 8.3 4.15 4.15 4.15 
8 477 797 900 871 4.15 0.415 .00 4.15 
10 361 581 623 809 4.15 4.15 11. 62 6.23 
12 340 510 465 643 4.15 4.15 13. 70 11. 62 
15 208 353 444 548 4.15 13. 30 6.22 17.43 
70-80 cm 
2 913 1203 1286 1220 6.23 o. 415 4.12 o. 00 
4 809 1046 1220 1195 4.15 10.00 4.15 0. 415 
6 726 822 1162 830 4.15 8.30 1. 66 1. 66 
8 680 797 996 747 8.30 11. 66 4.15 4. 15 
10 352 622 892 622 10.00 11. 62 8.30 6.23 
12 249 440 871 505 13. 70 11. 62 6.23 8.30 
15 187 353 726 431 17.50 12.50 4. 15 4.15 
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- N in µg/g Soil 
Initial NH +_ N = 2333 µg/g Soil 4 
Initial NO-_ N = 0 3 
Incub. Depth 
NHt-N ,Sites No3-N,Sites in Days 
1 2 3 4 1 2 3 4 
0-3 cm 
2 1195 1195 1386 1245 8.30 25.00 25.00 16.60 
4 1137 1170 1170 1137 16.60 48.20 53.20 41. 50 
6 1087 1170 1120 1087 20. 75 58. 10 74. 70 53.12 
8 1087 1137 1037 1062 30.00 83.00 96. 30 85.50 
10 796 946 996 996 41.50 103.00 119.50 96. 30 
12 913 913 913 946 48.20 119. 50 157. 70 108.00 
15 842 672 913 872 58.10 172. 60 229.00 147. 75 
5-20 cm 
2 996 1137 1062 1195 00.00 0.415 0.00 0.00 
4 946 1087 996 1137 00.415 0.00 0.00 0.415 
6 892 1038 975 1062 1. 66 1. 66 0.415 0.00 
8 747 996 892 1012 4.15 6.23 4.15 1. 66 
10 697 643 872 913 8.30 9. 96 11. 60 6.23 
12 352 548 747 871 12.50 13. 70 8.30 8.30 
15 133 398 643 772 15.80 17.50 13. 70 6.23 
40-50 cm 
2 1220 1162 o.oo 1. 66 
4 1038 1220 1. 66 o.oo 
6 996 1162 4.15 1.66 
8 946 1195 6.23 6.23 
10 830 1062 8.30 12.50 
12 892 996 13. 70 16. 60 
15 892 797 15.00 13. 70 
70-80 cm 
2 1121 1340 1. 66 4. 15 
4 1038 1162 0.00 o.oo 
6 1017 1087 4. 15 1. 66 
8 1017 1017 6.23 4. 15 
10 975 822 8.30 12.50 
12 892 805 13. 70 16.60 
15 822 697 15.00 13.30 
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- -Nin µg/g Soil 
Initial + NH4 -N :;2333 µg/g Soil 
Initial NO -
3 
N = 0 
Incub. Depth 
NH:-N, Sites N0;-N, Sites in Days 
1 2 3 4 1 2 3 4 
0-3 cm 
2 1361 1548 1602 1311 34.90 41. 50 49.80 49.80 
4 1121 1510 1548 1245 41. 50 53.10 53.10 58.00 
6 996 1340 1162 975 49.80 74. 70 133. 00 88.00 
8 872 842 821 772 53.10 96. 30 179. 30 114.50 
10 797 672 498 598 96. 30 103.00 278.00 152. 70 
12 772 622 166 523 108.00 204.00 421. 60 244.00 
15 672 622 50 373 141. 00 237.00 435.00 320.40 
5-20 cm 
2 1577 1718 1548 1286 3.32 0.00 1. 66 0.415 
4 1444 1444 1444 1162 1. 66 0.415 0.00 1. 66 
6 1.195 1220 797 1162 4. 15 1. 66 1. 66 6.22 
8 747 871 747 842 8.30 4.15 6.22 12.50 
10 548 747 431 548 11. 60 8,30 9. 96 15.00 
12 498 797 398 477 13. 70 11.60 10.80 16.60 
15 456 523 307 456 17.40 16.60 15.00 17.40 
40-50 cm 
2 1038 1743 1743 1602 0.00 0.415 0.00 1. 66 
4 975 1652 1693 1510 0.415 o.oo 1. 66 0.415 
6 913 1510 1245 1510 1. 66 4. 15 4.15 1. 66 
8 842 1120 871 946 6.22 8.30 9. 96 6.22 
10 747 643 622 672 8.30 10.40 15.00 9. 96 
12 726 622 622 697 11. 60 15.00 20.00 13. 30 
15 572 456 477 498 15.00 20.00 l6.60 17.40 
70-80 cm 
2 1245 1548 1340 0.00 0.415 0.415 
4 1162 1510 1195 1.66 0.00 1. 66 
6 996 1220 1038 0.83 4.15 4. 15 
8 963 772 747 6.22 7.00 8.30 
10 963 622 597 13. 30 12.50 10.00 
12 892 477 548 15.00 16.60 13.30 
15 842 307 373 16. 60 15.00 15.80 
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Table 5. Nitrification, samples collected on 15 June 1971 
+ 
NH -N 
4 and N03 
- Nin µg/g Soil 
Initial NH +_ 
4 Nc2333 µg/g Soil 
Initial NO -
3 N = 0 




-N, Sites in Days 
1 2 3 4 1 2 3 4 
0-3 cm 
2 1527 1121 1340 1340 34.80 8.30 16.60 29.90 
4 1361 872 1195 1162 48.10 6.60 83.00 83.00 
6 1311 872 1062 1016 53.10 24.90 144.50 133.00 
8 1245 747 842 747 103.00 29.90 191. 00 147. 70 
10 1195 747 747 643 114. 50 24.90 308.80 237.00 
12 1141 622 672 622 133.00 23.24 395.00 375.00 
15 1038 593 696 622 232.30 29.90 521. 00 509.60 
5-20 cm 
2 1361 1477 1245 1087 53.10 8.30 25.00 8.30 
4 1286 1062 1121 1087 66.40 25.00 25.00 25.00 
6 1286 975 996 1037 87.20 41.50 34.90 34.90 
8 1087 572 892 871 103.00 41. 50 29.90 25.00 
10 892 132 672 622 197.50 49.80 34.90 48.00 
12 842 33 457 560 257.30 53.00 66.40 66.40 
15 797 33 320 352 295.50 83.00 96. 30 74. 70 
2 40-50 1162 1340 1245 1195 25.00 25.00 29.90 16.60 cm 
4 871 1245 975 1062 27.40 25.00 33.20 20. 75 6 784 1120 996 1062 29.90 29.90 33.20 25.00 8 622 892 842 975 34.90 34.90 34.90 16.60 
10 456 946 726 871 41. 50 48.00 29.90 16.60 12 352 747 572 643 34.80 53.00 58.00 34.90 15 332 643 506 697 39.00 66.40 74. 70 41. 50 
70-80 
en 
2 1265 1286 1361 1220 25.00 25.00 1. 66 25.00 4 1162 1245 1062 1162 29.90 29.90 4. 15 29.90 6 1016 1087 1017 1141 ,25.00 27.40 4. 15 41.50 8 797 946 892 1038 34.90 29.90 8.30 48.10 10 772 842 747 946 48.10 27.40 25.00 53.00 12 672 572 498 892 53.00 53.00 29.90 58.00 15 696 622 352 842 58.00 66.40 25.00 66.40 
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Table 6. Ni tri f ica tion, samples collected on 13 September 1971 
+ -NH4-N and N03 - Nin µg/g Soil 
Initial NH +_ 
4 N =2333 µg/g Soil 
Initial NO-_ 
3 N = 0 
Incub. Depth 
NH:-N,Sites No3-N, Sites in Days 
1 2 3 4 1 2 3 4 
0-3 cm 
2 1131 1286 1265 1121 6.60 3.30 25.00 16.60 
4 1245 1195 1162 1087 6.60 29.90 35.00 66.40 
6 1245 996 1016 1062 12.50 41. 50 58.00 96. 30 
8 1141 1016 913 1062 33.20 48. 10 85.50 108.00 
10 1062 996 772 996 41.50 79.60 103.00 122.00 
12 892 797 456 946 53.10 83. 00 114. 50 157. 70 
15 872 747 71 772 83.00 88.00 147. 70 179. 30 
5-20 cm 
2 1017 1062 996 996 0.415 0.00 0.00 o.oo 
4 892 913 871 892 0.00 1. 66 4.15 1.66 
6 871 892 747 842 1. 66 4. 10 6.20 8.30 
8 747 871 722 821 4.10 8.30 9.90 9.90 
10 705 680 465 680 12.50 9.90 12.50 14.90 
12 680 643 432 573 14.90 12.50 16.60 19.90 
15 597 523 249 498 16.60 14.90 19.90 17.40 
40-50 cm 
2 1087 1195 1195 975 0.00 0.415 0.00 1.60 
4 946 1025 1062 946 0.42 0.00 1. 60 3.30 
6 747 946 996 871 4.15 1. 70 4.20 6.30 
8 622 851 913 830 8.30 9.90 11. 60 6.60 
10 531 697 697 747 9.90 12.50 14.50 9.90 
12 398 606 622 697 12.50 16.60 19.90 16.60 
15 291 531 573 523 14.90 17.50 17.40 19.90 
70-80 cm 
2 1195 1162 1141 1121 0.00 0.42 0.00 1. 70 
4 1121 1195 975 1121 0.42 0.00 1. 70 0.00 
6 996 1141 913 1087 1. 66 2.00 4.20 4.20 
8 830 1120 871 913 9.90 8.30 12.50 14.90 
10 622 913 772 772 13. 30 6.20 9.90 10.80 
12 643 871 622 726 16.60 8.30 12.50 11. 60 
15 572 842 523 643 17.40 8.30 14.90 13. 30 
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Table 7. Nitrification, samples collected on 14 October 1971 
+ -NH4-N and N03 - Nin µg/g Soil 
Initial NH+_ 4 N:2333 µg/g Soil 
Initial NO -
3 
N = 0 





1 2 3 4 1 2 3 4 
0-3 cm 
2 1141 1245 1120 1195 4.20 22.40 30.00 16.60 
4 1087 1141 1037 1037 8.30 41. 50 66.40 25.00 
6 1017 1062 975 975 24. 90 58.00 119. 00 34.80 
8 996 1037 871 871 38.20 111. 00 186.00 85.50 
10 945 996 821 805 48.00 133.00 244.00 147. 70 
12 871 996 672 681 66.40 172.60 303.00 166.00 
15 772 946 477 643 83.00 217. 00 355.00 197.00 
5-20 cm 
2 996 1245 1120 1120 o.oo 1. 60 4.20 0.00 
4 797 1141 1062 1037 1. 60 0.42 0.00 1. 60 
6 697 1062 975 946 0.42 0.00 1. 60 0.00 
8 332 996 892 892 4.20 6.20 8.30 9.90 
10 42 797 822 842 6.20 9.90 12.50 14.90 
12 0 726 772 805 9.90 12.50 14.90 19.90 
15 0 672 734 772 14.90 19.90 16.60 17.40 
40-50 cm 
2 1141 1527 1062 1120 0.00 1. 60 4.20 0.42 
4 1037 1477 996 1062 4. 20 0.00 0.00 1. 60 
6 842 697 946 9% 0.42 0.42 1. 60 8.30 
8 797 572 913 946 6.20 4.20 9.90 12.40 
10 772 476 892 946 9.90 11. 60 13. 20 9.90 
12 680 382 830 892 11. 60 14.90 16.60 8.30 
15 622 307 734 842 14.90 19.90 19.90 6.20 
70-80 cm 
2 1037 975 996 1062 o.oo 1. 60 4.20 o.oo 
4 996 892 946 996 1. 60 0.42 1. 60 0.42 
6 842 772 892 946 6.20 1. 60 4.20 4.20 
8 797 207 772 797 8.30 6.20 8.30 9.90 
10 772 83 697 697 9.90 11. 60 14.90 13.20 
12 643 41 523 622 13.30 8.30 16.60 14.90 
15 622 33 307 556 16.60 9.90 17.40 16.60 
Table 3. NitrificatiQn, samples collected on 17 November 1971 
+-N. - and l\0
3 
-
-N ug/g Soil NH N02 -N 
in .. 
Initial ~~H + _ .. ~=2333 .;.g/g Soil 
-
Initial rn2 - ~ and e\03 
- N = 0 
Incub- Depth NH +_N Sites N02 -N Sites 
NO - -N Sites 
in Da\·s 
4 3 ' 
1 2 3 4 1 2 3 4 1 2 3 4 
2 0-3 1162 ~195 1266 3. 2 4.0 5.0 8. 3 16.6 24. 9 cm 
:~ 1141 1120 1228 6.9 8.0 11. 8 16.6 30. 7 3•.4 
6 1120 1162 1162 10. 3 11. 6 18.0 30. 7 41. 5 53. 1 
s 996 1037 996 11. 6 12.9 21. 2 39.4 53. 1 :2.2 
10 996 996 971 21. 0 23.0 79. 7 47.4 72.2 S3. 0 
12 946 971 913 10.5 13.3 94.6 58.1 103.8 116. 2 
l~ 913 913 809 10.5 13. 3 132.3 83.0 131. 2 130.9 
5-20 
cm 
2 1050 1120 1228 1141 1. 2 5.8 3.2 1.3 4.2 . 0 .:.. 2 ... 2 .. 996 1062 1162 996 2.3 1.5 3.3 2. 7 0.0 4.2 S.3 0.0 
6 946 1017 1120 892 3.4 2. 2 10.5 4.0 4.2 8. 3 8. 3 8.3 
s 913 946 996 342 3. 7 2.5 13.3 4.4 8. 3 8.3 12.5 16.6 
10 871 913 946 772 4.2 4.0 26.2 8. 3 4.2 12.5 16.6 25.0 
12 842 871 871 747 5.3 4.4 54.0 16.6 8.3 8. 3 20.8 30. 7 
15 797 809 726 726 3.8 4,6 25.0 39.8 12.5 16.6 30. 7 30. 7 
40-50 
2 cm 1228 1195 1228 1195 0.46 0.33 0.58 0.33 0.0 4.2 0.0 0.0 
4 913 1120 1195 971 1.0 0.58 1. 2 0.7 4.2 o.o 8.3 4. 2 
6 797 1062 1062 892 1.5 0.83 1.58 0. 96 4.2 4.2 4.2 8. 3 
s 672 842 971 797 1. 6 0.83 1. 7 1.0 o.o 8.3 o.o 4.2 
10 622 813 946 772 1.8 1.33 2.5 1. 7 8. 3 4.2 4.2 8.3 
12 581 772 913 772 3.2 1. 82 4.6 3.2 12. 5 8. 3 8,3 4.2 
15 543 747 842 597 6.0 2. 33 10.4 7.0 8. 3 8.3 4.2 8. 3 
70-80 
2 cm 1017 0.6 4.2 .. 979 0.96 o.o 
(, 946 1.5 4.2 w N 
8 892 1.6 4.2 
10 942 2,6 8.3 
12 797 4.2 4.2 
15 747 7,rJ 8.3 
Table 9. pH values of perfusate at the end of perfusion experiment, 
17 November 1971 
Sampling site Depth, cm pH 
















Cultivated garden soil 0-20 7.4 
33 
34 
Table 10. Nitrification of cultivated 0-20 cm soils (Hyde Park, Utah) 
+ - - µg/g NH4 -N, NO2 -N and N03 -N in soil 
Initial NH +_N 
4 
= 2333 µg/g soil 
- -Initial NO2 -N and N03 -N = 0 
Incub. NH +_N NO -N NO -N 
in Days 4 2 3 
Sampling dates Sampling dates Sampling dates 
15 VI 71 17 XI 71 15 VI 71 17 XI 71 15 VI 71 17 XI 71 
2 1245 1120 41. 5 25,0 34.0 
4 1162 913 52.3 33.2 83.0 
6 1120 805 no 104.6 48.2 110. 4 
8 1037 622 data 209.2 53.0 130.0 
10 946 498 525.5 120.0 481. 0 
12 892 332 541.0 183.0 930.0 
15 842 119 332.0 278.0 1160. 0 
Table 11. Nitrification potential, rate of increase of nitrate 
Increase of Nitrate, µg No;-N/g Soil/day 
Sampling dates 
Depth Sites 24 XI 69 30 X 70 17 V 71 15 VI 71 13 IX 71 14 X 71 17 XI 71 
0-3 1 13. 3 4.2 9. 7 11. 5 4.2 4.8 4. 75 cm 2 3.3 10.3 10.3 2.5 8.0 13. 3 7.25 
3 4.6 12.0 27 .8 31. 0 10.3 24.5 8.J3 
4 5.8 9. 7 15.3 23.8 12.2 14.8 ND 
5-20 1 0.8 0.8 1. 2 19.8 1. 25 0.6 0.4 cm 2 0.l(trace) 1.0 0.8 5.0 1.0 1.0 1. 2 
3 0.8 1. 2 1.0 3. 5 1. 25 1. 25 1.6 
4 
** 1. 7 5 0.6 1.5 4.8 1. 5 1.5 2.4 Cult. ND ND ND 32.6 ND ND 48.0 
40-50 1 0.4 ND 0.8 4.2 1.0 1.0 0.8 cm 
2 0.4 ND 1.0 4.8 1. 25 1.2 0.4 
3 l. 2 0.8 1.5 3.0 1.5 1. 3 0.4 
4 0.6 1. 25 1.0 1. 7 1.0 1.0 0.8 
70-80 1 1.0 ND 1. 3 4.8 1. 3 1.0 0.8 cm 2 1. 2 ND 1. 25 2.7 0.6 1. 2 ND 
3 0.8 0.8 1.0 2.5 1.0 1.5 ND 
4 0.6 1. 25 ND 5.3 1. 1 1. 3 ND 
>'<'No data 
,n'<'Cul ti va ted soil w V, 
Table 12. Nitrification potential, rate of decrease of ammonium 
Decrease of Ammonium, + µg NH4N/g Soil/day 
Sampling dates 
Depth Sites 24 XI 69 30 X 70 17 V 71 15 VI 71 13 IX 71 14 X 71 17 XI 71 
0-3 1 22.5 28.5 59.2 38.8 42.1 27.1 21. 6 cm 
2 42.9 28.4 93.0 50.0 49.2 25.0 22.5 
3 61. 4 47.6 144.0 67.1 81. 3 45.0 35.0 
4 53.0 30.0 79.2 72. 2 17. 5 51. 7 ND* 
5-20 1 57.5 64.6 108.0 52.2 33. 7 100.0 20.8 cm 2 64.6 59.6 92.6 145.0 42.1 52.2 25.0 
3 35.4 31. 7 ll5.0 79.5 56. 7 35.0 35.8 
4 51. 7 32.5 81. 2 52.8 42.6 31. 7 39.6 
Cult.** ND ND ND ll7. 0 ND ND 79.0 
40-50 1 40.8 ND 31. 2 81. 3 68.4 46.3 65.0 cm 
2 40.4 ND 11. 2 59.6 59.2 ll8. 0 42.5 
3 73.4 33.0 11. 20 67.5 57.5 23.4 31. 7 
4 44.6 16. 7 91. 0 55.4 27.9 22.9 42.5 
70-80 1 66. 7 ND 35.4 59.6 55.4 39.6 22.0 cm 
2 76.6 ND 108.0 71. 7 29.2 93. 7 ND 
3 41. 6 22. 5 79.6 86.6 52.2 47.5 ND 
4 71. 8 64.5 ND 32. 7 39.5 44.2 ND 
*No data 
*~': Cultivated soil 
w 
0-, 
Table 13. Nitrification in amended soils 
Initial NH +_N 4 = 2333 µg/g soil 
Initial NO -N 2 and N03 
-N = 0 
Incub. Depth + µg/g soil N02 µg/g soil in Days NH4 -N, -N, 
Sites Sites 
1 2 3 1 2 3 
..,,, Amendments Amendments 
R.D. litter R.D. litter R.D. litter R.D. litter R.D. litter R.D. litter 
0-3 
cm 
2 975 913 697 697 822 726 0.083 0 0.166 0 0,166 0 
4 797 842 672 672 747 564 0.083 0 0.249 0 0.332 0 
6 726 772 597 597 672 522 0.166 0 0.415 0 0.415 0 
3 672 726 572 522 697 498 0.208 0 0.498 0 0.581 0 
10 622 672 522 548 522 498 0.332 0 0.644 0 0. 747 0 
12 597 592 463 498 457 463 0.415 0 0. 747 0 0. 913 0 
15 564 539 448 463 352 448 0.415 0 0.83 0 1.079 0 
5-20 
cm 
2 622 809 809 739 809 739 0 0 0 0 0 0 
-+ 539 747 747 672 772 589 0 0 0 0 0 0 
6 498 643 697 635 724 556 0 0 0 0 0 0 
3 376 597 672 697 672 498 0 0 0 0 0 0 
10 352 564 622 622 647 463 0 0 0 0 0 0 
12 352 639 581 572 597 423 0 0 0 0 0 0 
15 332 522 548 572 548 398 0 0 0 0 0 0 
N0
3 -N Nil 
in all samples 
















Sampling station 1. 0-3 cm soil samples 
•--- • 15 June 1971 
1 o- -O 17 May 1971 
~ t,.-- _ ----6. 13 Sept. 1971 
\ 
'p ·---
A~ --------\--.c.___ A • "' ------ -----~ C> ----A_ 
.....___ --
,....... ---4.___ • 





o--o -- ~ 
Incubation, Days 
Figure 1. The relationship between seasons and the decrease of 















Sampling station 1, 0-3 cm soil smaples 
• ---• 17 Nov. 1971 
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Figure 2. The relationship between seasons and the decrease of 

















Sampling station 1. 0-3 crn soil samples 
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Figure 3. The relationship between seasons and the increase of 

















Sampling station 1, 0-3 cm soil samples 
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Figure 4. The relationship between seasons and the increase of 



















Sampling station 1, 5-20 cm soil samples 
Incubation, 
•---• 15 June 1971 
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Figure 5. The relationship between seasons and the decrease of 














Sampling station 1, 5-20 cm soil samples 
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Figure 6. The relationship between seasons and the decrease of 

















Sampling station l, 15 June 1971 soil samples 
•---• 0-3 cm 
0 _ -o 5-20 cm 
•· ... •.•·A 70-80 cm 



















Sampling station 1, 40-50 cm soil samples 
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Figure 8. The relationship between seasons and the decrease of 
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Figure 9. The relationship between seasons and the decrease of 















Sampling station 1, 70-80 cm soil samples 
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The relationship between seasons and the decrease of 















Sampling station 1, 70-80 cm soil samples 
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Figure 11. The relationship between seasons and the decrease of 

















Cultivated (liyde Park, Utah), 5-20 cm soil samples 
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The relationship between seasons and the nitrate 















Sampling station 1, 17 November 1971 soil samplE:s 











Figure 13. The nitrite accumulation at various profiles. 
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Native Ammonium-Nin Soils 
It was shown that samples collected in November had highest 
concentrations of NH
4
+-N. In early fall (September and October 1971) 
+ there was still considerable amount of NH
4 
-N as compared to summer 
samples (June 1971). Samples collected from 0-3 cm layers showed 
+ more NH4 -N than samples of deeper layers as shown in Table 14, which 
was irrespective to sampling period. 
52 
Table 14. Native ammonium-nitrogen in soils collected at various 
periods of year 
Site Depth. 15 June 1971 13 Sept. 1971 14 Oct. 1971 17 Nov. 1971 
cm 
1 0-3 4,62 ppm 12.3 ppm 18.48 ppm 65.45 ppm 1 5-20 2.3 2.3 4.62 3.85 
1 40-50 1.5 1. 54 4.62 3,85 
1 70-80 1.5 2.3 4.62 4.62 1 110-130 0. 7 1. 54 3.85 3.08 2 0-3 5.39 6.14 13. 11 103.95 
2 5-20 3.08 2.3 6.93 5.39 
2 40-50 2.3 1.5 3,08 6,93 
2 70-80 1.5 o. 7 2.3 3.85 2 110-130 1.5 2.3 3.08 4.6 3 0-3 7. 7 6.93 9.24 53.9 
3 5-20 3.08 3.08 3.08 53.9 
3 40-50 1.5 0. 7 2.3 4.6 3 70-80 1.5 o. 7 1. 54 0. 7 
3 110-130 0. 7 2. 3 3.08 5.39 4 0-3 4.62 9.24 10. 78 73. 15 
4 5-20 3.85 4.62 5.39 3.08 4 40-50 2.3 4.62 5,39 3.85 
4 70-80 1.5 3.85 4.62 3.85 4 110-130 1.5 3,08 4,62 4.6 
53 
Ammonification 
As shown in Table 15. the ammonification rate was greatly influenced 
by moisture content, when soils were amended with casein (Figures 14, 15 
and 16). The ammonification of plant materials was less influenced by 
change in moisture content (Figures 17, 18 and 19). It was also observed 
that the amount of ammonium released was higher in cultivated garden soils 
than in the soil collected from shadscale site ( in desert). 0-3 cm 
shadscale soil samples were more efficient in ammonification than 5-20 cm 
shadscale soil samples. In cultivated soils, the ammonium release leveled 
off after three weeks, while in shadscale soils tt leveled off after two 
weeks, when soils were amended with casein, 
Gaseous ammonia from casein amended soil was greatly influenced 
by moisture content. Release of gaseous ammonia was highest at 40 percent 
water-holding capacity (W.H.C.) and decreased with further increasing or 
decreasing moisture content. Soils amended with litter did not show any 
considerable amount of gaseous ammonia release (Table 15). 
Organic-nitrogen mineralization increased as the moisture content 
of soils was increased from air dry to 75 percent W.H.C. Recovery of 
total-N was much less from casein amended soils than from litter amended 
soils. 
There was no nitrite or nitrate detected in all soil samples 
during four weeks incubation. 
Table 15. Arnmonification potential at various moisture content 
Initial + 0-3 cm shadscale soil= 0.084 mg/g soil NH
4 
-N, 
5-20 cm shadscale soil= 0.054 mg/g soil 
5-20 cm cultivated soil= 0.140 mg/g soil Arnmonifica tion in air dry soil 
Sampling Incubated Initial Incubation, Weeks NH +_N Org-N at % org-N 
4 d . site soil org-N 1 2 3 4 trappe 1.n the end of mineral-
mg/g soil NH +_N released, mg/g soil tubes, µg experiment ized 4 
m I soil 
0-3 cm 
shads ca le control 1.116 0.056 0.084 0.14 0.084 0 0.945 15.4 
soil + casein 
(0.8mgN/g 1. 916 0.154 0.196 0.14 0.168 2 1.302 32.1 
soil) 
soil + litter 
(0.86mgN/g 1. 976 0.098 0.154 0.14 0.168 0 1.8 9.0 
soil) 
5-20 cm 
shadscale control 0.83 0.042 0.070 0.070 0.056 0 0.434 47. 7 
soil + casein 1. 63 0.126 0.14 0.112 0,154 1 1.386 15,0 
soil + letter 1,69 0.112 0.14 0.168 0.14 0 1. 50 11. 2 
5-20 cm 
cultivated control 1. 632 0.112 0.14 0.14 0.126 0 1. 064 34.8 
soil soil + casein 2.432 0,168 0.238 0.196 0.224 2 1. 806 25. 75 
soil + litter 2.49 0.196 0.238 0.224 0.196 0 2.05 17. 7 
Table 15. Continued 
Ammonification Potential at 25% Water Holding Capacity (W.H.C.) 
Sar:1.pling Incubated Initial Incubation, Weeks NH +_N Org-N at % org-N 
4 site soil org-N 1 2 3 4 trapped, the end of mineral-
mg/g soil NH +_N released, mg/g soil µg experiment ized 4 m / soil 
0-3 cm 
shadscale control 1.116 0.084 0.084 0.112 0.084 2 0,838 24.9 
soil + casein 1. 916 0.244 0.294 0.42 0.488 29 0.84 56.2 
soil + 1i t ter 1.976 0.154 0.14 0.14 0.168 2 1. 6 19 0 
5-20 cm 
shadscale control 0.830 0.042 0.042 0.084 0.056 2 o. 747 10.0 
soil + casein 1. 63 0.182 0.28 0.448 0.532 22 1.0 38.0 
soil+ litter 1. 69 0.098 0.112 0,126 0.147 3.5 1.5 11. 25 
5-20 cm 
cultivated control 1. 632 o. 112 0.112 0.14 0.112 3.4 o. 77 52.8 
soil soil + casein 2.432 0.42 0.504 0.588 0.602 25 1. 57 35.5 
soil + 1i tter 2.49 0.168 0.224 0.28 0.224 3.5 2.17 12.86 
Ammonification Potential at 40% W.H.C. 
0-3 cm 
shads ca le control 1. 116 0.056 0.042 0.084 0.112 4 o. 735 34.1 
soil + casein 1. 916 0.252 0.42 0.518 0.49 45 0.63 67.1 
soil + litter 1. 976 0.14 0,168 0.196 0.196 2 1. 414 28.45 
5-20 cm 
shadscale control 0,83 0.042 0.028 0.042 0.042 2 o. 7 15.67 
soil + casein 1.63 0.252 o. 392 0.532 0,56 25 1.05 35.6 
soil + litter 1. 69 0.084 0.126 0.126 0.112 2 1.428 15.5 
5-20 cm 
cul ti va ted control 1. 632 0.112 0.14 0.14 0.126 1.5 1. 4 14.2 
soil soil + casein 2.432 0.308 0.42 0.588 0.616 48 1. 064 56,25 V, V, 
soil+ litter 2.49 0.168 0.168 0.196 0,182 3 2. 1 15. 7 
Table 15. Continued 
Amrnonification Potential at 55% W.H.C. 
Sampling Incubated Initial Incubation, Weeks NH +_N Org-N at % org-N 
4 site soil org-N 1+ 2 3 4 trapped, the end of mineral-
mg/g soil NH4 -N released, mg/g 
soil µg experiment ized 
mg/g soil 
0-3 cm 
shadscale control 1.116 0.056 0.126 0.112 0.084 3 0.54 51.6 
soil + casein 1. 916 0.196 0.658 0.532 0.532 28 0.84 56.2 
soil+ litter 1. 976 0.14 0.308 0.182 0.252 2 1.54 22. 1 
5-20 cm 
shadscale control 0.83 0.028 0.056 0.056 0.028 2 0.63 24.1 
soil + casein 1. 63 0.196 0.546 0. 504 0.49 20 0.98 39.5 
soil+ litter 1. 69 0.112 0.238 0.196 0.294 2 1. 36 19.5 
5-20 cm 
cultivated control 1. 632 o. 084 0.126 0.126 0.084 4 0,342 79 
soil soil + casein 2.432 0.364 o. 714 0.91 0.65 24 0.63 74.1 
soil + litter 2.49 0.14 0.308 0.28 0.336 1. 2 1. 9 23. 7 
Amrnonification Potential at 75% W.H.C, 
0-3 cm 
shadscale control 1.116 0.07 0,084 0.084 0.098 5 0.21 81. 2 
soil + casein 1. 916 0.35 o. 70 0.578 0.504 28 0.525 72. 6 
soil + litter 1. 976 0.168 0.325 0.21 o. 21 10 1. 5 24.1 
5-20 cm 
shads ca le control 0.83 0.042 0.07 0.07 0.056 3 0.455 45.2 
soil + casein 1. 63 0.266 0.6 0.448 0.476 14 o. 961 41. 0 
soil+ litter 1. 69 0.14 0.392 0.224 0.182 2 1. 35 20.0 
5-20 cm 
control 1. 632 0.112 0.154 0.112 0.112 2.5 0.19 88.25 
soil + casein 2.432 0.364 0.8 1,025 o. 712 21 0.435 82.0 
soil + litter 2.49 0.252 0.28 0.224 0.266 7 1. 95 21. 3 V, 
0--
·--• 
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incubated at 40l W.H.C. 
incubated at 25% W.H.C. 









Figure 14. The effect of moisture on the production of ammonium-N 


























incubated at 7 5% W.H.C. 
incubated a:: :.,5% W.H.C. 
incubated ~ ~ 40% W.H.C. a'-
incubated &t 25% W.H.C. 









Figure 15. The effect of moisture on the production of ammonium-N 
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Figure 16. The effect of moisture on the production of ammonium-N 
during incubation of 0-20 cm cultivated (garden) soil 
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Figure 17. The effect of moisture on the production of arnmonium-N 
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Figure 18. The effect of moisture on the production of amrnonium-N 
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Figure 19. The effect of moisture on the production of ammonium-N 
during incubation of 0-20 cm cultivated (garden) soil 




The results obtained for nitrification and ammonification 
potential in vitro may not be directly comparable to field conditions, 
however, they do provide valuable information regarding the effects 
of specific factors on the reactions involved, Neverthless, in vitro 
tests have the advantage of excluding undesirable external factors. 
Nitrification 
According to Lees and Quastel (1946) perfusion technique for 
nitrification has considerable advantage over pot method. The perfusion 
technique consists in perfusing neck, a column of soil with aerated 
liquid by a circulatory process. The liquid, which contains in solution 
the substrate is percolated through the soil. The process is continuous 
and may be maintained for an indefinite period. The rate of perfusion 
can be adjusted so that no waterlogging takes place. The soil is left 
intact throughout the experiment because of the use of soil conditioner, 
and analyses are carried out on the soil perfusate. 
Effects of climate 
Nitrification potential, the ability of soil to change ammonium 
ion to nitrate ion was measured in vitro by perfusion technique. The 
results show (Table 11) that the nitrification rate was higher in 
samples collected in the spring and early summer period. This may be 
due to warmer temperature, adequate aeration and good drainage of the 
soil, Barkworth and Bateson (1965) showed that nitrifying population 
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did not yield to seasonal variation. However, according to Anderson 
and Boswell (1964) and Garbosky and Giambiagi (1962), the nitrate 
accumulation was delayed or completely suppressed at low temperatures. 
The number of surviving organisms decreased as the temperature was 
decreased. In the fall due to the increased moisture, ammonium 
accumulated and an inadequate aeration apparently made the situation 
adverse for nitrification in field. However, same samples when per-
fused in laboratory showed an increased nitrification rate due to 
available ammonium - N and favourable experimental conditions. 
Relationship to profile 
Sindhu and Cornfield (1967) and Johnson and Guenzi (1963) 
showed that the increase in osmotic tension reduces the nitrate accumu-
lation. For the soils used in our experiments, soluble salt content 
increased with the depth of profile (Table 1). It was observed that 
the surface layer (0-3 cm) samples had higher nitrification rate than 
samples from other profiles. In addition to salt content, inadequate 
aeration may be one of the reasons for suppression of nitrification 
rate in deeper profiles. Biological activity (nitrification and 
ammonification) was higher in the top 3 cm layer than the rest of the 
profile. 
Effect of cultivation 
According to Kononova (1961), after ploughing of virgin land, 
the reserve of organic nitrogen decreases rapidly. The rate of 
nitrification was higher in previously cultivated (seeded with crested 
wheat) site (site 3) than other sites (sites 1, 2 and 4). Also, 
cultivated garden soil (Hyde Park, Utah) was more efficient in 
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nitrification. Cultivation equalizes distribution of soil organic 
matter, provides adequate aeration and good drainage. 
Fixation of added ammonium 
Lees and Quastel (1946) concluded that the rate of nitrifica-
tion of a given quantity of ammonium sulphate is a function of the 
degree to which the ammonium ions are held in base exchange sites. 
In the presently described experiments, about 30% of ammonium was 
fixed by perfused soils. + Soils used had a high exchangeable Na and 
+ K content (Table 1), which could be replaced by ammonium ions. In 
the first five hours 30% of the total ammonium was fixed by soils and 
after that decrease in ammonium was comparatively slow and linear. 
Nitrite accumulation 
Morrill and Dawson (1958) stated that soils with pH values 
above 7.2 when perfused with ammonium sulphate, have a pattern of 
predominate nitrite accumulation. This was confirmed by Chapman and 
Liebig (1952). Nitrite accumulation was observed in samples collected 
from 5-20, 40-50 and 70-80 cm depths. In 0-3 cm samples nitrite was 
increased to a certain level and then decreased with an increase of 
nitrate content. Martin et al. (1942) established threshold pH values 
of pH 7. 7 ± 0.1 (moist soil) for the nitrification of ammonia in 
alkaline desert soils. Above this value, nitrite accumulated. In the 
beginning of perfusion experiments, pH of ammonium sulphate solution 
was pH 6.3. In the 0-3 cm desert soils and cultivated (Hyde Park, Utah) 
soils, it increased to pH 7.1 - 7.4 after incubation of 15 days. In 
the case of other profile soils the pH value was increased to pH 8.05 
- 8.5. Where pH was not increased above 7.4, nitrification rate was 
not affected but when pH increased to 8.4, nitrite accumulation was 
evident. Stojanovic and Alexander (1958), Alexander (1961), and 
Chase et al. (1967) concluded that Nitrobacter is more sensitive to 
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higher pH than Nitrosomonas. Hence, increase of pH during perfusion 
experiment, due to high exchangeable Na+ and K+ content may be a 
reason for the accumulation of nitrite. 
Nitrate accumulation 
Lees and Quastel (1946) studied the nitrification of an air 
dried soil by perfusion technique and observed that the nitrification 
process may be a long duration. After a lag phase, logarithmic growth 
phase takes place. At some point, a condition is reached when soil 
becomes saturated with nitrifying bacteria and the rate becomes constant. 
In most of the soils used in perfusion experiment, the nitrate accumula-
tion passed through a lag period of about 8-10 days, followed by the 
logarithmic phase. Decrease of ammonium ion did not compensate with 
increase in nitrite and nitrate because of the adsorption of ammonium 
ion on soil-clay particles and ammonia volatilization. Due to increase 
of pH in the solution, about 30% of the initial ammonium added was 
volatilized. 
The overall recovery for added ammonium - N was obtained from 
volatilized ammonia, ammonium fixed by clay particles and appearence 
of nitrate and nitrite. 
Effect of amendments 
Munro (1966) and Neal (1969) showed that root extracts of plants 
inhibit the nitrifying activity. Perfusion experiment with ammonium 
sulphate carried out by using soil mixed with either rabbit droppings 
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or plant and leaf litters also inhibited the nitrifying activity. 
Small amount of nitrite accumulated when soil was amended with rabbit 
droppings. Nitrite was not detected when soil was amended with plant 
and leaf litters. The pH of perfusate increased up to pH 8,4 at the 
end of the experiment. Behavior of the fixation of arrnnoniumion by 
soil-clay particles and volatilization of arrnnonia was similar to other 
experiments carried out without any amendments. This inhibition may 
be due to materials released by amendments or interference in the 
oxygen uptake in the nitrification process. 
Changes in Ammonium-N Content 
in Soils with Seasons 
According to Alexander (1961), following waterlogging, the 
quantity of ammonium increases as complex organic molecules are degraded. 
This was also noted by Floate (1970), Miller and Johnson (1964) and 
Robinson (1957). As indicated in our results, soil samples analysed 
for ammonium-N showed that samples collected in November had elevated 
amount of ammonium-N. Summer and early fall sampl•~s showed approximately 
equal amount of ammonium-N. It was also observed that 0-3 cm profile 
samples had more ammonium-N than the 5-20, 40-50, 70-80, and 110-130 cm 
profile samples. The ammonium-N estimated was in terms of available 
arrnnonium-N to plants, as it was extracted by 2% KCl. In spring and 
early summer, the ammonium-N was low compared to late fall--November 
which may be due to active nitrification process in the spring and 




Effect of moisture content 
Air-drying and subsequent re-wetting are known to produce a 
temporary stimulatory effect on the decomposition of soil organic 
matter (Baligar, 1971). The present experiments were conducted with 
organic materials, but the possibility of similar effects should not 
be overlooked. The stimulating effect is greatest when drying and 
re-wetting is repeated. Birch and Friend (1961) showed that after 
204 cycles, 46.4% nitrogen was mineralized. The effect is, however, 
minimized by a single treatment. Van Schreven (1968) showed that 
even periodic drying and re-wetting did not stimulate mineralization 
of organic materials added to soil and further demonstrated that less 
mineral-N was produced from dried than from fresh plant material. 
The effects of variation in moisture content on the decomposi-
tion of soil organic matter have been investigated and reviewed by 
Domrnergues (1960), Floate (1970), Gasser (1962), Miller and Johnson 
(1964) and Robinson (1957). The agreement is that decomposition is 
optimal in the range of 50-100% water-holding capacity. Rate of 
decomposition falls due to lack of available soil moisture below this 
level and also due to lack of aeration under waterlogged condition. 
The effect of total soil nitrogen content on nitrogen mineralization 
was studied by Vlassak (1970) and Reichman et al. (1966). They 
concluded that with increasing total soil nitrogen, mineralization 
also increases. 
Arnmonification rate was increased as the moisture content was 
increased from 25 to 75% W.H.C. in casein amended soil. Little 
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decomposition took place when soil was amended with litter. Harmsen 
and Van Schreven (1955) showed that ammonification was unhampered by 
high moisture content up to waterlogging condition. Ekpete and Corn-
field (1966) showed that with increasing moisture up to 50% W.H.C. 
mineral-N was almost entirely nitrate and that with further increase 
in moisture to waterlogging, nitrate decreased and ammonium accumulated. 
In our experiments there were no nitrite and nitrate detected due to 
addition of 2-chloro-6 (trichloromethyl) pyridine, which inhibits 
+ -oxidation of NH
4 
to N0
2 TI1e results obtained by Floate (1970) 
suggest that nitrification is a process of little significance under 
conditions uf upland pastures and that ammonium is the major component 
of the mineralized nitrogen. The production of ammonium does not 
appear to be hampered by high levels of moisture as long as aeration 
ls adequate. 
Recovery of total-Nitrogen 
Peaks of ammonium production from some casein amended soils were 
evident during third week and those for litter amended soils were 
evident during second week of the incubation period. After the maximum 
accumulation of NH4+ when the microbial population increased, subse-
quent decline in NH4+ accumulation resulted which may be due to increased 
nutrient demands by the microflora. It was suggested by Floate (1970) 
that the decline is due to the excess of immobilization over gross 
mineralization of nitrogen. Stewart et al. (1963) reported that when 
soils were incubated with straw and N-fertilizers, about one-half of 
the total organic-nitrogen was immobilized during incubation period 
and other nitrogen was mineralized. Kai et al. (1969) stated that 
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usually immobilization and release of nitrogen in soil are going on 
continuously and concomitantly. Some loss or immobilization of nitrogen 
occurs since organic-nitrogen disappeared from samples without concomi-
tant increase in ammonium and all of the added nitrogen was not recovered. 
However, the reason for partial recovery may be due to adsorption of 
ammonium on clay particles. 
The results obtained for the mineralization of nitrogen from 
casein and plant materials shows that when 0-3 cm shadscale and culti-
vated soils were amended with casein, recovery of total-N was much less 
as compared to soils amended with litter. Such discrepancy was not 
observed when 5-20 cm shadscale site soil samples were amended with 
casein and litter. 
Bremner and Shaw ( 19 58) and Meek et a 1. ( 1969) reported that 
large losses of nitrogen occur by denitrification in neutral or slightly 
alkaline soils, when soils are under anaerobic or flooded condition. 
But this is not a case here, as nitrification was inhibited by addition 
of 2-chloro-6 (tetrachloromethyl) pyridine. Also, experimental condi-
tions were not anaerobic. 
Release of gaseous ammonia 
It was shown by Jewitt (1942) that gaseous ammonia was lost in 
considerable quantities when NH
4
+ containing fertilizers were applied 
to certain alkaline soils. According to Overrein and Moe (1967), the 
rate of ammonia volatilization decreased approximately in a linear 
fashion as depth of soil covering the urea application increased, 
which was due to difference in soil moisture content at each depth. 
The results obtained shows that a release of gaseous ammonia was 
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optimal at 40% W.H.C. and at moisture level above that, volatilization 
decreased. This may be due to the high solubility of ammonia in water. 
In dry soil, evolution of gaseous ammonia was least. These results 
are contradictory to the results obtained by Floate (1970), who showed 
that gaseous ammonia evolution is at the maximum at 100% W.H.C. The 
volatilization of ammonia was detected in casein amended soil whereas 
in litter amended soils there was no volatilized ammonia detected. 
The reason for which may be, plant material is hard to degrade as 
compared to casein. 
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CONCLUSIONS 
From the results of here in described research, the following 
conclusions were drawn: 
1. Nitrification rates were greatly influenced by seasons. Samples 
collected in spring and in early summer had higher rates of 
nitrification than those collected in the fall. 
2. Correlation of rates with profile was observed. Samples collected 
from the 0-3 cm layer had higher rates of nitrification than 
samples collected from 5-20, 40-50 and 70-80 depths. 
3. Relatively faster rate of nitrification was observed in samples 
from previously cultivated sampling site (desert) than from 
undistrubed sites. Also, cultivated garden soil had a faster 
nitrification rate as compared to the desert soil samples. 
4. In perfusion experiments, about 30% of initially added ammonium 
was apparently fixed by soil during first five hours. 
5. Accumulation of nitrite was detected in samples from 5-20, 40-50 
and 70-80 cm deep layers where no further conversion of nitrite 
to nitrate was observed, apparently because of the elevated soil 
pH values. 
6. A lag period of 8 to 10 days was observed for nitrate accumulation 
in perfusion experiments. 
7. Volatilization of ammonia was evident in most soil samples except 
the cultivated garden soil samples. About 30% of added ammonium 
was volatilized as ammonia during fifteen days incubation. 
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8. The pH values of perfusate at the end of perfusion experiments 
increased up to pH 8.4 with 5-20, 40-50 and 70-80 cm depth 
samples whereas with 0-3 cm and cultivated garden samples, pH 
reached up to 7.4. 
9. Nitrification was suppressed by amendments, e.g., rabbit droppings 
and plant litter. Inhibition was stronger with plant (shadscale) 
litter than with rabbit droppings. 
I 
10. Samples collected during periods of water-logged conditions 
+ (17 Nov. 1971) had higher concentration of NH
4 
than those collected 
in summer (15 June 1971) and in early fall (13 Sept. 1971 and 14 
Oct. 1971). Top 0-3 cm samples had higher NH
4
+ accumulation than 
5-20, 40-50, 70-80 and 110-130 cm depth samples. 
11. Arnrnonification rate was increased with increase of moisture content 
from air dry (115 to 125 bar pressure) to 75% water-holding 
capacity (0.25 to 0.3 bar pressure), when samples were amended 
with casein. Litter amended soils did not show a significant 
effect of increase in moisture content. 
12. The volatilization rate during arrrrnonification was highest at 40% 
water-holding capacity (8.5 to 10 bar pressure). Volatilization 
was decreased with further increase or decrease in moisture content. 
13. Recovery of total-nitrogen was not complete and considerable amount 
of nitrogen remained undetected. 
14. Biological activity was higher in cultivated garden soil samples 
than in desert soil samples. 
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Preparation of Standards 
Ammonium-nitrogen 




-Nin the sample is directly 
porportional to absorbance at the 420 mµ and the amount of N02--N is 
directly proportional to absorbance at 540 mµ, the absorbance of each 
sample was determined and converted to the concentration of NH
4
+-N, 
N03 -N and N02--N in µg/ml in the perfusate from standard curves. 
Various concentrations of ammonium sulphate, sodium nitrate and 
potassium nitrite were used and absorbance was determined at 420 mµ 
+ -for NH4 and N03 and at 540 mµ for N02 
+ For NH4 -N, 1.3214 g (NH4 ) 2so4 was dissolved in 1 liter distilled 
water. It was further diluted to 1:10 and 1:100. 
+ -2 280 µg NH4 -N/ml .... (10 moles/ml) 










solution solution adde , ml water, ml µg ml at 420 mµ 
10- 1.0 0.0 28.0 0.95 
10- 3 ·o. 9 0. 1 25.2 0.83 
10- 3 0.9 0. 1 25.2 0.84 
10- 3 0.8 0.2 22.4 0. 74 
10- 3 0.8 0.2 22.4 0. 71 
10- 3 0.7 0. 3 19.6 0.67 
10- 3 0. 7 0.3 19.6 0.63 
10- 3 0.6 0.4 16.8 0.53 
10- 3 0.6 0.4 16.8 0.50 
10- 3 0.5 0.5 14.0 0.46 
10- 3 0.5 0.5 14.0 0.44 
10- 3 0.4 0.6 11. 2 0.40 
10- 3 0.4 0.6 11. 2 0.34 
10- 3 0.3 0. 7 8.4 0.28 
10-3 0.3 o. 7 8.4 0.22 
10- 3 0.2 0.8 5.6 0.16 
10- 3 0.2 0.8 5.6 0.15 
10- 4 1.0 0.0 2.8 0.09 
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Standard curves for conversion of absorbance to concentration 
of NH
4
+-N (Figure 20), N0
3
--N (Figure 21) and N0
2
--N (Figure 22) in 
µg/ml were prepared. 
+ The relationship of concentration of NH
4 
-Nin µg/ml Vs. 
absorbance was determined and the concentration of NH +_Nin µg/ml of 
4 
perfusion samples were estimated. The standard deviation was calculated 
and found to be 0.074%. 
Nitrate-nitrogen 
0.8499 g of NaN0
3 
was dissolved in 1 liter distilled water. 
This solution contained 140 µg N0
3
--N/ml. 
Dilutiun of Amount of NaNo
3 
Distil led NO/ -N, Absorbance 
NaNo
3 
solution solution added, ml water, ml µg ml at 420 mµ 
10- 2 0.5 0.0 140 1.8 
10- 2 0.375 0.125 115 1. 4 




3 0.4 0. 1 56 
o. 75 
5xl0_
3 0.3 0.2 
42 0.55 
5xl0_
3 0.2 0.3 
28 0.38 
5x!g 0. 1 0.4 14 0.24 
10 0.5 0.0 14 0.20 
The curve of concentrations of N0
3
--N in µg/ml vs. absorbance 
was drawn and from that curve the concentration of N0
3
--N in µg/ml of 
perfusion samples were estimated. 
Ni trite-nitrogen 
For N02--N standard curve, 0.069 g KN02 was dissolved in 1 liter 
distilled water. It was further diluted to 1:10, 1:100 and 1:1000. 
O. 069 g KNO/li ter contain O. 014 g N0
2 




Dilution of Volume of KNO Distilled N0
7 
-N, Absorbance 
KN02 solution solution addea, ml water, ml µg ml at 540 mµ 
10- 4 0.2 1.8 1. 4 0.9 
0.2 1.8 1. 4 0.875 
0.2 1.8 1. 4 0.85 
o. 15 1.85 1.05 0.66 
0. 15 1.85 1.05 0.65 
0. 1 1. 9 0. 7 0.46 
0.1 1. 9 o. 7 0.43 
0.07 1. 93 0.49 0.30 
10- 5 
0.07 1. 93 0.49 0.29 
0.2 1.8 0.14 0.11 
0.2 1.8 0.14 0.09 
o. 1 1. 9 0.07 0.055 
The curve of concentration of NO -Nin µg/ml vs. absorbance 
2 
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Correlation Between Water-holding Capacity and Water Potential 
The amrnonification experiments were carried out at different 
moisture content, in terms of water-holding capacity. Soils of different 
water-holding capacity were checked for water potential (bar pressure) 
by the use of thermocouple psychrometer at the end of experiments. 
The correlation (as determined with a thermocouple psychrometer 1 WESCO) 








Air dry soil (5 hour dried 





Water potential (bar pressure) 
115 to 125 
40 to 45 
85 to 10 
1. 7 to 1. 8 
0.25 to 0.3 
All soil samples tested from shadscale site fell within these limits. 
